We present deep V , I photometry of the globular clusters NGC 288, NGC 362 and NGC 1851 obtained during a single observational run under strictly homogeneous conditions. We use the bimodal horizontal branch (HB) of NGC 1851 as a "bridge" to obtain the optimum relative match between the HBs of NGC 288 and NGC 362. In this way we can effectively remove the uncertainties associated with distance, reddening and inhomogeneities in the absolute calibration, thus obtaining a very robust, purely differential estimate of the age difference between these two clusters. According to the bridge test, NGC 288 is found to be older than NGC 362 by 2 ± 1 Gyr. This result is fully confirmed also by all classical differential age diagnostics, either based on the luminosity (∆V 
introduction
The "Second Parameter Effect" (SPE; see Fusi , and references therein) has been at the center of the debate on Galaxy formation during the last two decades. In particular the interpretation of most of the observed differences of HB morphology at fixed metal content in globular clusters (GCs) in terms of age differences (Searle & Zinn 1978; Lee, Demarque, & Zinn 1994; Lee et al. 1999a) leads to the conclusion that a large age spread is present in the stellar Galactic halo. In the last few years a body of stringent observational evidence has demonstrated that this interpretation was unjustified Harris et al. 1997; Buonanno et al. 1998a,b; Rosenberg et al. 1999; Catelan 2000; Catelan, Ferraro, & Rood 2001; VandenBerg 2000; Maxted et al. 2001) . Moreover the advent of larger and/or space located telescopes and more efficient detectors has removed any need (e.g., Searle & Zinn 1978) of relying on HB morphologies to estimate ages, carrying within reach the best suited age indicator (i.e., the main sequence turnoff (MSTO), see Renzini & Fusi Pecci 1988; over the whole range of distances of Galactic GCs.
We are now in the much safer condition of splitting the old version of the SPE conundrum into two distinct and well defined questions: (1) what physical quantities are actually driving differences in HB morphology, i.e. a problem of stellar astrophysics, and (2) what are the age distribution, the age-metallicity and the age-galactocentric distance relations of the Galactic GC system, i.e. a problem of Galactic astronomy.
In the context of the SPE debate, the classical GC pair NGC 288 and NGC 362 has been the subject of extensive study and long standing controversies (see Stetson, VandenBerg, & Bolte 1996, hereinafter SVB96, and references therein) . In this paper we present the results of a specific observational test devised to measure the age difference between these two clusters with high accuracy. In doing this, we take also advantage of the detailed abundance analysis recently published by Shetrone & Keane (2000) .
The results of the test will drive a detailed investigation on the origin of the observed difference in HB morphology, performed with modern color-magnitude diagram (CMD) synthesis techniques (as adopted by Catelan 2000; Catelan, Ferraro, & Rood 2001) , that will be presented in a companion paper (Catelan et al. 2001, hereafter Paper II) .
The plan of the paper is as follows: in §2 we briefly recall and comment on previous results on the age differences between NGC 362 and NGC 288, and we describe the planned test. The metal abundance estimates found in the literature are also reviewed. In §3 the observational material and data reductions are described and §4 is devoted to the actual application of the age difference test. A direct comparison with previous realizations of the bridge test is also presented and it is demonstrated that the present 1 Stazione Astronomica di Cagliari, Loc. Poggio dei Pini, Strada 54, 09012 Capoterra (CA), ITALY 2 Hubble Fellow 1 application is superior to previous ones ( §4.5). The underlying assumptions at the basis of the bridge test are also critically discussed ( §4.6). In §5 we comment on an interesting spin-off of our results concerning the origins of NGC 288 and NGC 362. Finally, the results of the whole analysis are summarized and discussed in §6.
2. ngc 288/ngc 362, a controversial couple NGC 288 and NGC 362 are two well known and relatively nearby southern clusters ((M − m) 0 = 14.73 and (M − m) 0 = 14.68 respectively, Ferraro et al. 1999) . Since the early spectrophotometric estimates (Zinn 1980 , and references therein) it was realized that they were quite similar in metal content, a claim that has been confirmed many times (see §2.1.). Hence, the strong difference in HB morphology [(B − R)/(B + V + R) = 0.95 ± 0.08 for NGC 288 and (B − R)/(B + V + R) = −0.87 ± 0.08 for NGC 362 (Lee, Demarque, & Zinn 1994) 3 at similar metallicity made these two clusters an excellent test case to study the SPE.
Based on the HB morphology, a large difference in age (> 7 Gyr) was suggested as the SP at work in this couple by Lee, Demarque, & Zinn (1988) , later revised by the same authors to ∼ 3 − 4 Gyr (Lee, Demarque, & Zinn 1994 ). Catelan & de Freitas Pacheco (1993) found that age differences larger than ∼ 3 Gyr were indeed required to account for this second parameter pair, unless absolute ages smaller than ∼ 10 Gyr were assumed. Hence it is important to obtain independent age estimates based on observations of the MSTO, to settle the issue whether or not age can be considered the (sole) "second parameter" at play in this case (see Paper II for an extensive discussion).
While the comparison of two clusters of similar metal content remains the case in which the most secure estimates of age differences can be obtained, a number of important sources of uncertainty can still plague the measures (Bolte 1989, SVB96): 1. If the considered clusters have similar HB morphologies, the match of the HBs obtained by shifting of the CMDs can provide a direct comparison virtually independent of distance and reddening. In the opposite case, i.e. very different morphologies, as for NGC 288 and NGC 362, this approach is obviously impossible and independent estimates of the relative distance and reddening are necessary. These estimates are the major contributors to the final error budget of the relative age measure (Renzini & Fusi Pecci 1988; Bolte 1989) . In particular, the estimate of the relative distance has to be based on (a) questionable extrapolations of the observed HB to an unobserved common level (the theoretical zero-age horizontal branch (ZAHB) at the instability strip level, for example) or on (b) matching of the main sequences, made difficult by the morphology of the sequence (i.e. its high slope in the CMD) and by uncertainties in the reddening (Bolte 1989);  2. Even if the overall metal abundance is similar, undetected (or unmeasured) differences in α-elements abundances or in primordial He abundance (Y ) can lead to significant misinterpretation of observed differences in the location of the MSTO and the HB (Renzini & Fusi Pecci 1988, SVB96) . A detailed and comparative abundance analysis of a significant sample of NGC 288 and NGC 362 stars has become available only very recently (Shetrone & Keane 2000) . The problem of He abundance will be briefly discussed in §2.1;
3. The comparison of photometric material taken under different conditions (i.e. telescope, cameras, observing run, set of absolute calibrators, actually adopted filters, etc.) is not necessarily safe and can introduce significant errors in age difference estimates (Bolte 1989) . For instance, slight differences in the adopted filters can introduce color equations depending on the local set-up of the observations. Merging deep and bright photometries taken from different sources can introduce deformations in the CMD, altering the final comparison between the MSTO, for example by changing the relative difference between the MSTO and the HB magnitudes and colors in the CMD.
While many authors have provided estimates of the age difference between NGC 288 and NGC 362 based on sufficiently deep photometry to sensibly measure the MSTO, their analyses suffered from at least one of the problems described above. Pound, Janes, & Heasley (1987) compared their deep CCD photometry of NGC 288 with a composite CMD of NGC 362 obtained by merging the faint stars sample observed with a CCD camera by Bolte (1987) with the bright stars sample obtained by Harris (1982) based on photographic plates calibrated with photoelectric photometry. Hence, this analysis was prone to all three sources of uncertainties described above. The adopted difference in apparent distance modulus was ∆µ = (m−M )
.10. The Pound et al. results were compatible with a significant age difference between the two clusters, NGC 288 being older. However they concluded that the age difference was not sufficient to explain the observed HB morphologies and suggested the existence of as yet undetected differences in chemical composition.
Both Bolte (1989) and Green & Norris (1990) tailored their observations to minimize the effects associated with point 3, by observing both clusters in the same observing run, with the same observational setup and tying the photometry to a common calibration (see the discussion in §6 in Bolte 1989) . However, they were forced to assume and/or derive the relative distance and reddening from less safe ways than direct HB matching, thus both studies suffer from the associated uncertainties (point 1). The two analyses reached the same conclusion, i.e. that NGC 288 is ∼ 3 Gyr older than NGC 362. The adopted ∆µ were +0.10 for Bolte (1989) and +0.07 for Green & Norris (1990) .
Age indicators based on color differences between the MSTO and some point at the base of the red giant branch (RGB) [∆(B −V ) TO,RGB ] are by definition independent of distance and reddening. In case of application to clusters of the same metallicity, their strong dependence on this last parameter can be ignored (see the discussion in SVB96 and Buonanno et al. 1998a) . Furthermore, given the vicinity in the CMD of the two involved features, strong influences by inhomogeneous calibrations are less likely. Their most noticeable drawback stands in the theoretical calibration, since, as well known since long ago (Renzini & Fusi Pecci 1988; Buonanno et al. 1998a) , uncertainties in the free parameters of the stellar models (as, e.g., the mixing length) and in the transformations from the theoretical (L, T eff ) to the observational (V , B −V ) plane affect model predictions about colors much more than those about luminosity. This is particularly critical because of the exceptional sensitivity of these kinds of horizontal 4 parameters to age (Buonanno et al. 1998a ). For instance, in the calibration adopted by Sarajedini & Demarque (1990) to analyze the NGC 288 -NGC 362 pair by means of a horizontal differential parameter, an age difference of 1 Gyr is associated to a difference in the adopted observable of 0.01 -0.02 mag, depending on the absolute age of the oldest cluster. Sarajedini & Demarque (1990) , based on unpublished data from other authors, concluded that NGC 288 is 3.1 ± 0.9 Gyr older than NGC 362, but the formal error on their ∆(B −V ) NGC 288 − ∆(B −V ) NGC 362 = 0.05 is 0.014 mag, i.e. ∼ 30% and the uncertainty associated with the theoretical calibration is not quantified.
Independently of the quoted problems affecting each of the described estimates, similar results were found by the different authors and the question appeared as almost settled in the middle of the '90s, when SVB96 introduced a decisive change of perspective. These authors were the first to apply the idea of using a cluster with a bimodal HB morphology and similar metallicity (NGC 1851) to perform a purely differential match between NGC 362 and NGC 288, thus removing the uncertainties associated with point 1, while performing an age test based on the whole morphology of the MSTO region, including magnitudes and colors. Hereafter we will refer to the test devised by SVB96 as the bridge test, since the HB of NGC 1851 is used as a bridge to match the HBs of NGC 288 and NGC 362 (VandenBerg 2000) . In particular SVB96 matched the MSTO regions of NGC 362 and NGC 288 to that of NGC 1851 and then checked whether the HB of NGC 362 matched the red part of the HB of NGC 1851 and if the HB of NGC 288 matched the blue HB of NGC 1851. Finding a good overall match they concluded that " ... all three clusters do, indeed, have the same age to within quite a small uncertainty (≤ 1 Gyr). Moreover, small cluster-to-cluster differences in [Fe/H] or [α/Fe] will not alter this conclusion because we have effectively used the ∆V (vertical parameter) method, which is insensitive to modest changes in heavy element abundances ...".
While the comparison devised by SVB96 appears to be the most robust either from an observational or a theoretical point of view, their actual application of the test suffers from all the uncertainties described in point 3 above. In fact, they adopted the photometry of Walker (1992) for NGC 1851, the data of Bergbusch (1993) for the bright (V < 17.5 mag) part of the NGC 288 CMD and Bolte (1992) for the faint part, and finally the photographic photometry of Harris (1982) for the bright (V < 17 mag) part of the NGC 362 CMD, and VandenBerg, Bolte, & Stetson (1990) for the faint part of the same cluster. Very inhomogeneous databases were compared, therefore both internal (bright vs. faint) and external (differences in the absolute calibrations and/or observational setup) effects can undermine the test. Furthermore the plots of the CMD of NGC 1851 erroneously included a few RR Lyrae among the brightest blue HB stars, an occurrence that makes less stringent the matching between the HB of NGC 1851 and the one of NGC 288 (see the note added in proof in SVB96). This source of uncertainty was removed in the analysis by VandenBerg (2000) who confirmed the SVB96 result (the derived ∆µ are −0.13 for SVB96 and −0.15 for VandenBerg (2000) ). Nevertheless, VandenBerg adopts the same inhomogeneous dataset as SVB96. The pernicious effects of the use of heterogenous databases in the previous realizations of the bridge test will be described and discussed in §4.5. It is straightforward to conclude that the SVB96 test can be refined by settling the point-3-related problems and by adopting a slightly different strategy. In our view, a more tightly constraining test would be obtained by matching the HBs and comparing the resulting differences in the MSTO regions instead of the opposite. For instance, the clumpy red HBs of NGC 362 and NGC 1851 provide a much stronger reference point for the comparison than the MSTO-SGB almost-sinusoidal curve.
There are two recent studies in the literature that attempt a relative age estimate involving the three clusters we are dealing with and that present a high degree of homogeneity in the observational material. Rosenberg et al. (1999 Rosenberg et al. ( , 2000 presented a homogeneous and accurately calibrated photometric database of southern GCs including NGC 288, NGC 362 and NGC 1851. They find an age difference between NGC 288 and NGC 362 of 2.6 ± 1 Gyr and of 2.2 ± 1 Gyr between NGC 288 and NGC 1851, NGC 288 being the older cluster. The final CMDs are more fuzzy and contain less stars than our dataset [see in particular the scarcely populated HB of NGC 1851, Fig. 8 of Rosenberg et al. (2000) ]. In the analysis, Rosenberg et al. (1999) did not attempt a specific bridge test, since they were interested in the establishment of a global relative age scale based on both vertical and horizontal age diagnostics. Grundahl (1999) presented preliminary results of a bridge test involving the above quoted clusters based on Strömgren uvby photometry, carried out with the same instrumental set-up. He applied the test in the same way as SVB96 and VandenBerg (2000) and confirmed their results. A deeper analysis (still based on the assumption that the three clusters have the same abundance of heavy elements) however showed that an age difference up to 2 Gyr between NGC 288 and NGC 362 cannot be entirely excluded (Grundahl, private communication) .
From the above discussion it is clear that (a) despite extensive efforts the question of the age difference between NGC 288 and NGC 362 is not settled yet, and (b) a bridge test performed with homogeneous observational material is -presently -the most secure way to obtain the final answer (see §4.5). With this purpose we obtained deep V and I photometry of NGC 288, NGC 362 and NGC 1851 during the same observational run, with the same observational setup and locked to the same calibrating color equations. We used this observational material to perform a more robust version of the bridge test, obtaining the best minimization of the uncertainties related to points 1 and 3 above, given the current technical limitations. The next subsection will deal with point 2.
2.1. Chemical composition Any of the above described estimates of the relative ages of NGC 288 and NGC 362 have to take into account the following question: do indeed the two clusters have the same chemical composition? While photometric and spectroscopic estimates were in agreement since the earliest times, there was room for non-negligible differences in the overall metal content (up to ∼ 0.5 dex; Zinn 1980 Zinn , 1985 and, above all, the α-element abundance as well as the extent of possible mixing phenomena (Gratton et al. 2000; Sweigart 1997 ) were largely unconstrained. As a reference we report the metallicity listed by Zinn & West (1984) , i.e.
[Fe/H] = −1.40 ± 0.12 for NGC 288 and −1.27 ± 0.07 for NGC 362.
Studies based on high resolution spectra (Pilachowski & Sneden 1983; Gratton 1987; Dickens et al. 1991; Croke 1993) resulted in detailed analysis of the abundance pattern which confirms a close similarity between the two clusters (see Shetrone & Keane 2000 , for references and discussion).
The very recent study by Shetrone & Keane (2000) couples the accurate reconstruction of the abundance pattern performed by Gratton (1987) (including also Al, Sc and Eu) with the "large" sample approach by Dickens et al. (1991) Zinn (1985) . Rodgers & Harding (1987) measured equivalent widths of Ca ii lines in eight HB stars in NGC 1851, obtaining [Fe/H] = −1.4 ± 0.15, in good agreement with the previous estimate. Thus we can only conclude that NGC 1851 has an overall metallicity similar to NGC 288 and NGC 362. However this can be accepted as a sufficient condition for using the CMD of this cluster as a bridge since it is difficult to conceive a inhomogeneity in chemical composition that could change the relative luminosity level of its blue and red HB in different ways (but see Sweigart 1997 , and §4.6 for different viewpoints and caveats).
There is still an important factor in the chemical composition of the considered clusters that may affect both age estimates and HB morphology and cannot be fruitfully constrained with spectroscopy, i.e. the helium abundance Y . Sandquist (2000) has recently reviewed the methods to determine Y in GCs and has concluded that the technique based on population ratios (the so-called R method, Iben 1968) remains the most reliable one, despite the significant uncertainties associated. The R method has been applied to NGC 288, NGC 362 and NGC 1851 by several authors (Sandquist 2000; Zoccali et al. 2000; Buzzoni et al. 1983; Messineo 1996) adopting slightly different techniques. All the above quoted studies have not found any evidence of a difference in Y between the three considered clusters, and the application of the R method to our data confirms this result. It has however to be recalled that the current uncertainties still leave room for the possibility of significant differences in the He abundance.
Finally, a recent analysis by Bono et al. (2001) suggests that it is very unlikely that early deep mixing phenomena may significantly affect galactic globulars.
observations and data reduction
The observations have been carried out during the nights of 1997 January 2 and 3, at the 2.2 m ESO/MPI telescope at La Silla (Chile) with the EFOSC2 camera 7 , 5 We note here that, in spite of the unprecedented large survey of spectroscopic mass loss indicators in giant stars in NGC 288 and NGC 362 by Shetrone & Keane (2000) , their sample is still inadequate to study differences in mass loss rates between giants in these two clusters. This is evident from Fig. 5 in their paper, where one clearly finds that the vast majority of their brighter studied stars are members of NGC 362, whereas their NGC 288 sample is much fainter. Therefore, the regime where more extreme mass loss might be expected for NGC 288 was simply not covered in the Shetrone & Keane investigation, and the question whether NGC 288 giants may lose more or less mass than NGC 362 giants close to the tip of the red giant branch remains open.
6 Inhomogeneity between different metallicity scales is a well recognized problem affecting many fields of astrophysics (Jurcsik 1995 − rms. The seeing conditions were average during the January 2 night (∼ 1.3 arcsec) when the NGC 1851 and NGC 288 observations were carried out, and worsened (∼ 2 arcsec) during the second night when we observed NGC 362.
For each cluster two partially overlapping fields have been observed:
• An inner field (INT), centered on the center of the cluster and observed with short and intermediate exposure times (1 s, 1 min, 2 min) with the aim of sampling the bright stars.
• An outer field (OUT) in which also long exposures (10 min) have been acquired in order to sample the main sequence in relatively uncrowded regions.
The rationale of the observational strategy was to obtain a large and complete sample of evolved stars to have a well defined HB, and to obtain deep photometry in the most favorable conditions to get a clean MSTO region and a well sampled MS.
Each frame has been corrected for bias and flatfield and the overscan area has been trimmed using standard IRAF packages.
The relative photometry has been carried out with the PSF-fitting code DoPHOT (Schechter, Mateo, & Saha 1993) , running on a Compaq/Alpha station at the Bologna Observatory. A quadratic polynomial has been adopted to model the spatial variations of the PSF. Since the code provides a classification of the sources, after each application we retained only the sources classified as bona fide stars (types 1, 3 and 7).
The relative photometry catalogues from different exposure frames were reported to a common relative system for each field (INT and OUT) and merged into a single final catalogue. In particular, since typical intermediate exposures frames sampled simultaneously the HB and the TO region we carefully checked that the merged catalogues accurately reproduce the morphology of the CMDs from intermediate exposures. The INT and OUT catalogues were reported to the OUT relative system with the same accuracy, and the aperture corrections were determined for suitable bright and uncrowded stars in each of the OUT fields using IRAF/PHOT. Thus, the final instrumental CMDs are free from any spurious distortion.
Many standard stars taken from the list by Landolt (1992) have been observed during both nights to provide a transformation to the standard Johnson-Cousins system. In Fig. 1 the calibrating color equations are shown. In the present context it is important to note that (1) the whole color range of the final CMDs is covered by the observed standards: in the instrumental color index the extreme blue HB (BHB) stars have v − i ∼ −1.2, the reddest RGB tip stars v−i ∼ 0.8 and the whole MS and SGB regions are contained between v − i ∼ −0.6 and v − i ∼ 0; and (2) the photometry of both nights is tied to the same color equation. Thus, even if the absolute calibration is not correct the differential comparisons between the CMDs obtained during this observational run are fully self-consistent over the whole range of magnitudes and colors. We checked our calibrated data with the photometry by Rosenberg et al. (2000) and the results of this comparison are shown in Fig. 2 8 . While there is good agreement for NGC 288, significant zero-point shifts are detected for NGC 362 and NGC 1851. The presence of thin cirrus during the observations could be responsible for the small difference with respect to Rosenberg et al. (2000) . Thus in the following we will adopt their absolute calibration. On the other hand, we emphasize that for the bridge test the absolute calibration is unimportant, so this is not a concern. Apart from the quoted shifts the agreement with Rosenberg et al. is excellent and the linearity of the relative photometry is confirmed.
Selection of the samples and CMDs
In order to obtain the best suited samples for the test we selected the stars in each catalogue according to the following criteria:
1. All the stars with photometric errors in V or I larger than 0.1 mag have been excluded from the samples;
2. All the stars of NGC 1851 with V ≥ 18.5 mag and with a distance from the cluster center r < 600 px have been excluded from the sample. All the stars of NGC 362 with V ≥ 17.5 mag and with a distance from the cluster center r < 600 px were also excluded. In this way we avoid confusion in the SGB-MSTO region of the CMDs due to uncertainties in the photometry of faint stars in the most crowded part of the fields. In the NGC 288 images the crowding is moderate everywhere and such selection was unnecessary.
The final selected samples provide very well populated evolved sequences (collecting stars from the whole observed fields) and very clean SGB-MSTO regions populated by relatively uncrowded stars. The catalogues of the selected samples are presented in Tables 1, 2 and 3 for NGC 288, NGC 1851 and NGC 362, respectively. As a fast guidance for the reader we present also the average photometric errors as a function of V magnitude in Table 4. Note that these are formal errors as provided by the PSF fitting code, thus taking into account only the uncertainties associated with the actual S/N ratio of the observed stars and with the fit process (see Walker 1992 , for a discussion).
The CMDs from the final samples are shown in Fig. 3 are the RR Lyrae variables we identified in our samples from the lists found in the literature: Kaluzny (1996) for NGC 288; Walker (1998) for NGC 1851, and the Sawyer-Hogg (1973) catalogue for NGC 362, in the version updated to 1996 by C. Clement and kindly made available in electronic form by the same author 9 . The open squares in the CMDs of NGC 288 and NGC 1851 are the probable bona-fide extreme HB star EHB 1 identified by Bellazzini & Messineo (1999) in NGC 288, and two ultraviolet sources identified by the UIT satellite (UIT-31 and UIT-44) in NGC 1851 (Parise et al. 1994 ). We also cross correlated our catalogue of NGC 288 with the catalogue of proper motions by Guo (1995) , which partially covers the cluster. Only one obvious non-member star was iden- tified (GUO 4110) , that is not shown in Fig. 3 because it lies outside the limit of the plot. NGC 362 is located in the foreground of the Small Magellanic Cloud (SMC) halo, and a population of SMC main-sequence stars and giants can be seen blueward and redward, respectively, of the NGC 362 main-sequence in Figure 3 . However, the SMC contamination is evidently quite small for V < 17.5 mag (cf. the NGC 362 background field CMD of Lee, Lee, & Sung 1998) and thus insignificant for the present purposes. We identified three possible foreground stars in the HB locus of NGC 362 using the astrometric catalog of Tucholke (1992) . These foreground candidates have both small proper motion errors and low probability of cluster membership. One of these foreground candidates (T245) is identified along the blue HB in Fig. 3 (open triangle), while the other two (T134, T324) are located near the clump of red HB stars. In Fig. 3 are also indicated two blue HB stars (open squares) in NGC 362 which were identified as spectroscopic cluster members by Moehler, Landsman, & Dorman (2000) (their MJ 6558 and MJ 8241) . While the blue HB of NGC 362 is quite sparse, it does allow a direct comparison with the HB of NGC 288, and can provide a check on our bridge match. . The long dashed horizontal segments in the CMDs of NGC 1851 and NGC 362 mark the magnitude limit between the samples taken from the whole observed fields (bright stars) and those selected from the less crowded external regions (r > 600 px; faint stars).
All the relevant features of the CMDs are very clean and well defined and they do not show any particular new feature with respect to previous studies, thus we do not discuss them in detail. Some evidence emerging from the CMD of NGC 362 deserves just a brief comment. First, as mentioned earlier, the obvious plumes of stars between V ∼ 17 and V ∼ 21 at V − I ∼ 0 and V − I ∼ 1.1 are, respectively, the MS and the RGB of the Small Magellanic Cloud that lie in the background of this cluster. Second, the asymptotic giant branch (AGB) sequence of NGC 362, at 13.5 <V< 15 and V − I ∼ 1, is particularly tight and well defined with respect to that of the other two clusters. This can be due to the very clumpy nature of the red HB of NGC 362: the evolutionary paths of most stars from the HB along the AGB are very similar for all the stars of NGC 362 since their initial conditions on the ZAHB are very similar. On the other hand the AGB of NGC 1851 and NGC 288 should have a sizeable contribution from stars that were located at very different colors along the ZAHB.
Is NGC 1851 a Genuine Globular Cluster?
Before proceeding any further it is important to address a point that may undermine the very basis of the bridge test. It has in fact been suggested (Lee et al. 1999a; Yoon, Lee & Lee 2000) that GCs with multimodal HB morphology (including NGC 1851) are not single age -single metallicity objects as any classical globular, but do host populations of different metallicity and/or age that would be responsible for the anomalous HBs. The hypothesis is not new and reappears in the literature from time to time under different forms (Alcaino et al. 1990; van den Bergh 1996) , but no observational evidence supporting this view has been found yet (Walker 1992; Catelan 1997) . It is interesting to note that in the only proven case of a globular with multiple population, i.e. ω Centauri (Lee et al. 1999b; Pancino et al. 2000) , the metallicity spread was immediately recognized as soon as the first modern CMD was assembled (Dickens & Woolley 1967) .
The case of NGC 1851 has been studied in detail by Walker (1992) , who, from the observed width of the RGB and MS, concluded that any possible metallicity dispersion in this cluster is ∼ 0.1 dex in [Fe/H] , in excellent agreement with the analogous results by Da Costa & Armandroff (1990). We measured the color width of the RGB at the HB level (in the range V HB ± 0.2) in order to obtain a σ[Fe/H] from σ(V − I) through the calibration of the (V − I) 0,g parameter [see Saviane et al. (1998) , for definition, calibration and references]. We find σ(V − I) = 0.016, 0.024, 0.026 mag for NGC 362, NGC 288 and NGC 1851, respectively, in good agreement with the above results. Adopting the calibration by Saviane et al. (1998) the maximum metallicity dispersion of NGC 1851 is σ[Fe/H] < 0.15 dex, neglecting all observational sources of scatter along the RGB. In this context it is more important to note that the RGB width of the three considered clusters, observed under similar conditions, is very similar, indicating that no significant intrinsic difference in the color distribution of the RGB is observed.
An analogous test concerning possible age spreads has been performed by studying the dispersion in V around the ridge line in the most horizontal part of the SGB (0.7 < (V − I) < 0.8), that we will adopt in §4.4 as an age diagnostic. It turns out that σ V = 0.082, 0.099, 0.080 mag for NGC 362, NGC 288, and NGC 1851, respectively. Again, the result is very similar for the three clusters suggesting that if an intrinsic age spread were present in NGC 1851, so it would also in the cases of NGC 288 and NGC 362. Neglecting observational errors and assuming that all the observed σ V is due to an intrinsic spread in age, this is constrained to σ(age) ≤ 0.8 Gyr, according to the age scale illustrated in §4.4 below.
It can be concluded that the existing data constrain any possible age and metallicity spread in NGC 1851 to small amounts, so that the explanation of the anomalous HB morphology in these terms can be excluded. On the other hand, Saviane et al. (1998) found that the radial distribution of BHB stars is significantly different from that of RGB and SGB stars in the outer region of the cluster (r > 50 r c ∼ 100 arcsec). Such evidence can be more easily reconciled with scenarios in which dynamical processes favor the production of BHB stars, in agreement with the results by Fusi Pecci et al. (1993) and Buonanno et al. (1997) , than with the hypothesis of a stellar system with multiple populations.
4. the bridge test Important tools for the actual application of the bridge test are the ridge lines of the clusters on the CMDs. We derived the ridge lines by averaging and 2-sigma clipping on boxes of different sizes, depending on the density of stars and on the required resolution, in different regions of the CMDs (an approach similar to that adopted by Ferraro et al. 1999) . The ridge lines of the MS and RGB sequences are presented in Table 5 , while the HB ridge lines are reported in Table 6 . In Fig. 4 a zoomed view of the MSTO region is presented, to allow a direct comparison of the adopted fiducials with the data for this crucial part of the CMDs.
Matching HBs
The bridge test has been conceived essentially as an age test. Therefore, to remove the undesired effects of distance and reddening, it seems much more advisable to find the best match for the less age-dependent features of the CMDs (HB luminosity level, RGB) and to check the consequent agreement or disagreement between the more agesensitive features (SGB, MSTO). Furthermore, HB stars are less plagued by crowding effects and the same morphology of the features provides a much firmer benchmark for matching with respect to the nearly vertical MSTO region. For these reasons we adopt the matching of the HBs as the preferential version of the bridge test and we try the approach of SVB96 only as a check. The final results are independent of the adopted strategy.
The match between the BHBs of NGC 288 and NGC 1851 is presented in Fig. 5 . The ridge line of NGC 1851 (heavy lines in both panels) is superposed to the observed HB of NGC 288 (filled circles). An excellent match is found if the shifts ∆V = +0.66 mag and ∆(V − I) = +0.015 mag are applied to report NGC 288 upon NGC 1851. Panel (a) of Fig. 5 shows the effects of the adoption of different shifts in V by reporting copies of the NGC 1851 ridge line shifted by ±0.05, 0.10 mag in V (thin lines) with respect to the true ridge line. It can be readily appreciated that a difference of ±0.05 mag with respect to the adopted shift would clearly produce a poor match between the HBs. Since the same compatibility range is obtained if the NGC 1851 data points are compared with the ridge line of NGC 288, we add in quadrature the two terms to take into account the uncertainties of both the ridge lines, so obtaining a global-conservativecompatibility range of ±0.07 mag. The effects of changes in the adopted color shift are reported in the panel (b) of Fig. 5 in a strictly analogous way by reporting copies of the NGC 1851 ridge line shifted by ±0.01, 0.02 mag in V −I. A difference of ±0.01 mag with respect to the adopted color shift is-at most-marginally acceptable.
We followed the approach presented in Fig. 5 since the adopted shifts are the basis of the bridge test, thus their reliability and the associated uncertainties have to be firmly assessed. As a final choice we conservatively adopt the compatibility ranges found in Fig. 5 as the uncertainty in the shifts. For NGC 288: ∆V = +0.66 ± 0.07 mag and ∆(V − I) = +0.015 ± 0.01 mag. VandenBerg (2000) and Grundahl (1999) (as well as the analysis presented in Paper II) suggest that the brightest and reddest stars in the HB of NGC 288 are somehow anomalous and/or significantly evolved, therefore they can cause misleading matches when compared with HB stars of other clusters. We emphasize that our match between the HBs of NGC 288 and NGC 1851 is primarily based on the match of the bluer part of the distributions. This is a rather inescapable choice, since these are the best populated and tightest parts of the HBs. In particular the tight sequence of the HB of NGC 288 in the range 0.0 ≤ (V − I) ≤ 0.07 (see Fig. 5 and 6 ) is the key feature for the adopted match. We note that fixing this feature an excellent overall fit is obtained, thus the presented match is unlikely to be affected by the possible anomalous status of the stars discussed by the quoted authors. The point is clearly illustrated in Fig. 6 where we reported the BHB stars of NGC 1851 (crosses) and of NGC 288 (open circles) after the application of the obtained shifts. The region of the BHB that provides the basis for the determination of the shift is enclosed in a square. The adopted ridge line of the BHB of NGC 1851 is also overplotted to allow a direct comparison between the data and the fiducial. The red part of the BHB ridge line is reported (and will be reported in the following plots) as a dotted curve to put in evidence that (a) this is the most uncertain part of the NGC 1851 ridge line and, (b) it has not been taken into account in our shift determination. It can be readily appreciated that we made all efforts to avoid any possible ambiguity in the determination of the shift between NGC 288 and NGC 1851. Nevertheless, we want to stress again that the match of the blue HBs is the most uncertain passage of the whole bridge test, from an observational point of view.
The match between the well populated and clumped red HB (RHB) of NGC 362 and NGC 1851 is a much simpler task. Panel (a) of Fig. 7 shows the excellent match between the histograms of the RHB of NGC 1851 (dashed heavy line) and of the RHB of NGC 362 (thin continuous line) that is obtained applying a shift of ∆V = 0.665 mag to NGC 362. The clear peaks in the distributions offer a robust reference to derive the optimal shift. In panel (b) of Fig. 7 the cumulative distributions of RHB stars in V are compared by adopting slightly different shifts. The thin solid lines represent the distributions of the RHB of NGC 362 after the application of the shifts ∆V = +0.650, 0.665, 0.680 mag, from left to right respectively. It is evident that a difference of ±0.015 mag with respect to the adopted V shift would provide a much poorer fit between the two distributions. The color shift has been found by comparing also the RGBs and the final adopted shifts to report NGC 362 upon NGC 1851 are ∆V = +0.665±0.015 mag and ∆(V −I) = 0.03±0.01 mag. The adopted shifts are in agreement, to within the uncertainties, with the current estimates of distance moduli and reddening differences among the considered clusters (see e.g. Ferraro et al. 1999 ). The final difference in the apparent distance moduli between NGC 362 and NGC 288 that is implicitly obtained with the derived shifts is ∆µ = −0.005 ± 0.087, where the errorbar should be considered as a compatibility range, which takes into account all the uncertainties 10 . The overall match among the ridge lines after application of the above shifts can be judged from Fig. 8 . The agreement is as good as possible for the HB (obviously) but is also very good for the whole RGB and lower MS.
The only significant difference appears in the MSTO region of the CMD, which anticipates the main result that will be discussed below: the MSTO and SGB sequences of NGC 288 are fainter and redder than those of NGC 362 and NGC 1851, while the latter two clusters seem similar in this regard.
In Fig. 9 a close view of the two crucial regions of the CMD is provided to make clear the effects of the adopted matching. In panel (a) it can be appreciated the fine agreement between the NGC 288 (open dots) and NGC 362 (crosses) data points and the ridge line of NGC 1851 in the HB region of the CMD. In panel (b) the shifted ridge lines of NGC 288 (heavy solid line and open circles) and of NGC 362 (heavy dashed line and crosses) are reported. It is readily evident that the MSTO and the SGB of NGC 362 are significantly brighter and bluer than those of NGC 288. The differences are larger than the maximum errors in the applied shifts.
All other parameters being fixed, we are led to the conclusion that NGC 362 is younger than NGC 288. We will quantify such an age difference in §4.3 and 4.4.
Matching MSTOs
The result of the bridge test in the version introduced by SVB96 (i.e., matching MSTOs and checking the agreement of the HBs) is shown in Fig. 10 , which is analogous to The overall fit is excellent, nevertheless a mismatch in the color of the base of the RGB of NGC 288 and NGC 362 is evident and turned out to be unavoidable (and has been noted also by VandenBerg (2000)). Note that the observed mismatch is consistent with the existence of an age difference between the two clusters, NGC 288 resulting the older one (see below). The same shifts have been applied to the NGC 288 and NGC 362 data and the corresponding CMD of the HB region is shown in panel (a) of Fig. 10 and compared to the ridge line of NGC 1851 (the symbols are the same as in panel (a) of Fig. 9 ). The mismatch between the data and the ridge line is well beyond the compatibility range, that is reported as a couple of thin lines paralleling the HB of NGC 1851. Note that the adopted shift introduces an obvious mismatch also among the upper RGB sequences.
Therefore there is no room for a simultaneous superposition of the HBs and the MSTOs of the three considered clusters. We conclude that this version of the bridge test also implies a significant age difference between NGC 362 and NGC 288, the former being the younger cluster.
Differential age parameters
10 In Paper II the lower envelope of observed HBs are fitted with theoretical ZAHB to compare the color distribution of stars along the branch with synthetic HBs. Assuming the reddening estimates by Schlegel, Finkbeiner & Davis (1998) , a difference in distance moduli ∆µ = −0.15 is obtained, in agreement (at face value) with V2000 and at odds with the present result. We note that this result is strongly dependent on the adopted reddening, while the bridge test is fully independent of this parameter. In fact if the E(B − V ) listed by Ferraro et al. (1999) are adopted instead, the best ZAHB fit gives ∆µ = −0.05, in agreement with what found here. If one takes into account the reddening, the total uncertainty on the ∆µ derived from Paper II is ±0.14, thus the ∆µ actually adopted in Paper II is compatible with the one derived in the present study within the uncertainties. It is important to recall that the goal of Paper II is not to estimate the distance moduli or ∆µ but to study the HB morphology at the light of the independent constraints provided by the present observational test. -Matching the BHB of NGC 288 (filled circles) to the BHB ridge line of NGC 1851 (heavy line; the reddest part of the ridge line is represented as a dotted line to recall that it is the most uncertain part of the adopted fiducial and, above all, that we do not use this part in the determination of the shift; see Fig. matchhb ). Panel (a): the effect of different assumptions for the V shift is shown by reporting the NGC 1851 ridge lines shifted by ±0.05, 0.10 mag with respect to the adopted best fit shift ∆V = +0.66 mag. Panel (b): the effect of different assumptions for the V − I shift is shown by reporting the NGC 1851 ridge lines shifted by ±0.01, 0.02 mag in V − I with respect to the adopted best fit shift ∆(V − I) = +0.015 mag. In both cases it is evident that the heavy lines provide the best match and that differences as small as ±0.05 mag in V and/or 0.01 mag in V − I with respect to this line provides a much poorer fit to the data.
As a first method to quantify the detected age differences we use the same differential age parameters adopted by Rosenberg et al. (1999) , namely:
• The horizontal parameter δ(V − I) @2.5 , i.e. the dif- The square enclose the blue prt of the BHB we use to determine the shift. Whith this approach we avoided to base the determination of the shift on the reddest BHB stars whose evolutionary status is uncertain. The BHB ridge line of NGC 1851 is also reported to allow the reader to campare it directly with the data. The reddest part of the fiducial is reported (and will be reported in all the following plots) as a dotted line to recall that it has not been considered in the determination of the shift between NGC 288 and NGC 1851. Note, however, the good overall fit ference in color between the MSTO point and the point 2.5 mag brighter in V on the base of the RGB;
• The vertical parameter ∆V HB TO , i.e. the difference in magnitude between the HB level and the MSTO point. We refer the reader to SVB96 and Buonanno et al. (1998a) for a thorough discussion about these parameters. The close similarity in metal content will greatly contribute to reduce the uncertainties in the final age difference estimates from both observables, especially for NGC 362 and NGC 288 (cf. §2.1).
We start with the horizontal parameter, whose application is independent of the accurate matching obtained Figs. 4 and 9 , we obtain an age difference ∆Age NGC 288−NGC 362 = 2.2 ± 1 Gyr by averaging over the (fully compatible) estimates derived by adopting different sets of models (Straniero, Chieffi and Limongi 1997, hereafter SCL9; Cassisi et al. 1998, hereafter CCDW98; VandenBerg et al. 2000 , hereafter V2000). The age difference between NGC 362 and NGC 1851 is found to be null to within the errors.
Given the optimal match obtained between the HBs of the considered clusters we can obtain differences in ∆V Also in this case the estimates from different sets of models are in good agreement, to within the errors. The age difference between NGC 362 and NGC 1851 can be considered marginal (see below).
Therefore, independently of the adopted set of theoretical models and on the differential age parameter used, an age difference of 2.4 ± 1.5 Gyr is measured between NGC 288 and NGC 362, the reported error bar covering the whole compatibility range spanned by the two independent estimates. Any derived age difference slightly depends on the absolute age of the oldest cluster (the age zero point). The above result can be appreciably changed by this effect only if an age lower than 12 Gyr is assumed for NGC 288
11 . The observed ∆V HB TO as well as the direct comparison with various sets of isochrones suggest instead an absolute age ≥ 13 Gyr for this cluster, although this value is subject to possible systematic errors (see, e.g., VandenBerg, D'Antona 2000) .
While the uncertainty in the abundance of NGC 1851 renders its age estimate less reliable, our test strongly suggests that NGC 1851 is significantly younger than NGC 288 and has an age similar to that of NGC 362
12 . Because of these uncertainties and since our goal is to study in detail the couple NGC 362/NGC 288 we will concentrate on these clusters in the remainder of this analysis, as well as in Paper II, leaving NGC 1851 (the "bridge" cluster) for occasional reference.
A Global Comparison
In Fig. 11 the ridge lines of NGC 288 (thick solid line) and NGC 362 (thick dashed line), properly shifted according to the results of the matching of the HBs, are superposed to three different sets of isochrones of the appropriate metal content 13 . The age range covered by each set is 8 − 18 Gyr from left to right. Each set of isochrone has been reported to the same distance and reddening as the ridge lines by applying the distance modulus and reddening of NGC 1851, as taken from Ferraro et al. (1999, from column 8 of their Tab. 2). Minor adjustments have been made to best fit the nearest isochrone to the ridge line of NGC 288 (see below).
In panel (a) the comparison is with the SCL97 isochrones with standard helium abundance Y = 0.23, solar element mix and [Fe/H] = −1.0. According to Salaris, Chieffi, & Straniero (1993) this is the proper set of isochrones to compare against clusters with [Fe/H] = −1.3 and a typical halo α-enhancement (e.g., Carney 1996) , as is the case for NGC 288 and NGC 362 (cf. §2.1). A simple color shift of −0.01 mag in V − I, applied to the whole set, reports the 13 Gyr isochrone to an excellent superposition with the ridge line of NGC 288. The age step between isochrones is 1 Gyr. In panel (b) the ridge lines are compared with the CCDW98 set of isochrones at [Fe/H] = −1.31, standard helium and solar element ratios. The [Fe/H] = −1.0 isochrones are not present in the CCDW98 set thus we cannot properly account for α-enhancement in this case. The 13 Gyr isochrone was fitted to the NGC 288 ridge line by shifting the whole set by −0.004 mag in V −I. The comparison with the Y = 0.237, [Fe/H] = −1.31, α-enhanced isochrones by V2000 is shown in panel (c) of Fig. 11 . A shift of +0.023 mag in V − I has been applied to the whole set. In this case the age step between the isochrones is 2 Gyr.
Despite the differences in the models and in the assumptions, the results of all the comparisons are very similar. The optimal removal of the effects of distance and reddening we have obtained with the "bridge matching" and the close similarity in chemical composition allow a very robust approach to the estimate of the age difference between NGC 288 and NGC 362 from Fig. 11 . The nearly horizontal region of the SGB, between V − I = 0.7 mag and V − I = 0.8 mag is a well defined (and easy to measure) observational feature that provides a natural age scale and that can be straightforwardly compared to model predictions. From this comparison an age difference of 2 Gyr is clearly detected, independent of the adopted set of isochrones. It is worth noting that if the luminosity of the MSTO points are considered, a slightly larger difference is obtained (2.5 to 3 Gyr) in good agreement with what found with the differential vertical parameter ∆V HB TO , in the previous section. Given the quoted uncertainties associated with the measure of V TO we consider the estimate obtained from the horizontal region of the SGB as more reliable and we adopt it as our final value, recalling that it is in agreement with the estimates obtained in the previous section, to within the errors.
To evaluate the range of age differences that are still (at least marginally) compatible with the data we explore the effects of the following (very unlikely) occurrences: (a) we consider the maximum possible errors in matching the HB, as evaluated in §4.1, Figs. 4 and 5, all in the directions leading to the maximum overestimate of the age differences, and (b) we consider the maximum possible errors all in the opposite direction, leading to the maximum underestimate of the age difference. The results are shown in Fig. 12 by comparing the ridge lines with the SCL97 set of isochrones, with the same arrangement and symbols as in Fig. 11 . An additional shift has been also applied to the ridge lines, corresponding to the error bars of the shifts adopted to match the HBs. Case (a) is considered in panel (a) of Fig. 12 . The additional shifts δ(V − I) = +0.01 mag and δV = +0.01 mag have been applied to the ridge line of NGC 362, such shifts being δ(V − I) = −0.01 mag and δV = −0.07 mag in the case of NGC 288. The age difference is still ∼ 1 Gyr, as judged from the luminosity of the horizontal part of the SGB. The case (b) is shown in panel (b): the same shifts have been applied to the ridge lines, but with opposite sign, and a maximum age difference of ∼ 3 Gyr is clearly obtained. Also in these cases if one rely only on V T O for his estimate, larger age differences would 11 However, if an absolute age of 10 Gyr is assumed for this cluster the age difference with NGC 362 is still larger than 1.5 Gyr. See also Paper II. 12 If only the vertical parameter is considered, we note a marginal indication that NGC 362 may be slightly younger than NGC 1851. A similar result is obtained also by Rosenberg et al. (1999) and it seems confirmed in Fig. 8 and 10 . Since NGC 1851 is not the main target of the present analysis and since the detected difference is quite small we mantain the conclusion that NGC 362 and NGC 1851 have similar age. α-enhanced models by V2000. The age step between two adjacent isochrones is 1 Gyr in panels (a) and (b), and 2 Gyr in panel (c). In all cases the "oldest" isochrone has an age of 18 Gyr and the "youngest" 8 Gyr.
be obtained.
Formal errors of ∼ 0.5 Gyr or lower are often associated with differential age estimates. Despite the great reliability of the present result, we prefer to provide a conservative range of compatibility as the uncertainty associated with our age estimate. Thus when we present the final result of our bridge test, i.e. the age difference between NGC 288 and NGC 362 is ∆Age = 2.0 ± 1.0 Gyr, what we are ac- Fig. 11 . In the present case we have applyied the maximum possible error in the shifts matching the HBs either all in one direction (panel (a), bringing to the minimum age difference allowed by the data) or all in the opposite direction (panel (b), bringing to the maximum age difference allowed by the data).
tually implying is that age differences lower than +1 Gyr or larger than +3 Gyr are excluded by the test.
Some caveats associated to the assumptions of the bridge test will be discussed in §4.6.
Direct comparison with previous bridge tests
Following a suggestion of the Referee, we performed a comparison between our photometry and the assembly of datasets adopted by SVB96 and V2000 in their previous realizations of the bridge test. The comparison was required to clarify the reasons for the different results we obtain with respect to SVB96 and V2000, given that the adopted shifts are roughly similar. The comparisons have been made possible by the kind helpfulness of Dr. D.A. VandenBerg who provided the databases that he and SVB96 adopted in their tests. Unfortunately the NGC 362 catalogue provided by Dr. VandenBerg was lacking positional information, thus the cross-correlation with our data was not possible.
In Fig. 13 we report: the difference between the V magnitudes measured in the present analysis and those by Walker (1992) -adopted by SVB96 and V2000 -versus our V magnitude for the common stars in NGC 1851 (panel (a)); for NGC 288 (panel (b) ), the difference between our V magnitudes and those by Bergbusch (1993) (open triangles, adopted by SVB96 and V2000 for V ≤ 17.5), and by Bolte (1992) (full and open squares, adopted by SVB96 and V2000 for V < 17.5) versus our V magnitude. The plots reported in panels (c) and (d) will be described below. The comparisons can be made just for the V data since we have (V,I) photometry while SVB96 and V2000 based their tests on (B,V) photometry.
The comparison of the photometry shown in Fig. 13 can be summarized as follows:
1. Panel (a). Our V photometry and the one by Walker (1992) are in excellent agreement. Here the comparison is limited to V ≤ 18.5 because the available catalogue lacks the faint stars. However this is the only relevant range for NGC 1851 in the present test.
Panel (b).
The agreement with Bergbusch's photometry is quite good, the average ∆V is −0.016 in the considered range of magnitudes. However it is important to recall that both SVB96 and V2000 applied a shift of −0.06 mag to report Bergbusch's data in the photometric system of Bolte (1992) , following the prescriptions of the same author 14 . Hence, the actual difference between our V photometry and the photometry of bright stars adopted by SVB96 and V2000 amounts to −0.076 mag, i.e. a quite sizeable mismatch. 4. As an indirect test on the NGC 362 dataset we fitted our ridge lines for NGC 362 and NGC 288 with the same isochrones and with the same adoption on the apparent distance moduli as V2000. We obtained an absolute age of ≃ 12 Gyr for NGC 288 and ≃ 11 Gyr for NGC 362, i.e. broadly compatible with the results of V2000. This may be taken as an indication of rough self-consistency between our dataset and the one adopted by V2000 for NGC 362. Nevertheless, only direct comparison would provide the final check.
Panel (b)
The above results provide a direct demonstration of the superiority of our bridge test with respect to previous ones and clearly indicates the reasons of the different result we obtain. We recall that our databases have been successfully tested for self-consistency and linearity by the comparison with the photometry by Rosenberg et al. (1999) , performed over the whole range of magnitude covered by the data and in both passbands (see Fig. 2 ).
We want to stress here that the adoption of strictly homogeneous databases is mandatory to obtain safe results from this kind of test (see also Rosenberg et al. 1999 Rosenberg et al. , 2000 , for further discussion on the importance of the homogeneity of datasets). This was the fundamental rationale at the basis of our repetition of the bridge test (see §2), and the above discussion provides a direct proof that the experiment was worth repeating.
We emphasize that there are realistic cases where it is not possible to identify inconsistencies in a composite photometric datasets (e.g. few common stars, common stars in a restricted range of magnitude etc.). However one has to be aware of the danger involved in the adoption of such datasets in such tricky business as the measure of age differences.
Limitations of the Bridge Test
The fundamental assumption at the basis of the bridge test is that the horizontal branch stars of clusters of the same metallicity (Z) and helium content (Y ) have the same luminosity at any given color. In the present case, the first underlying hypothesis, i.e. same metallicity, is clearly fulfilled while, as already stated, we do not have fully conclusive constraints on Y (see §2.1 and §4.5). A higher helium content in NGC 288 would produce a brighter HB in this cluster, thus mimicking an age difference. On the other hand, if NGC 362 were He-enhanced, the age difference measured by the bridge test would underestimate the actual age difference. In this regard we have to rely on the fact that the observed R parameters strongly suggest that the helium content of the considered clusters is very similar.
It may also be conceived that even if both these hypotheses are fulfilled, the same fundamental assumption may be false, i.e. there is some factor other than Z and Y that can differentially affect the HB luminosities of two clusters with similar Y and Z (Fusi Pecci & Renzini 1978) . The first possibility coming to mind is core rotation, that may make an HB star brighter and bluer than canonical expectations due, e.g., to an increase in the heliumcore mass at the He-flash. It is interesting to note that the BHB stars of NGC 288 seem to be remarkably fast rotators (Peterson 1985) , while, unfortunately, no observational constraint in this sense is available for NGC 362 and NGC 1851. Recent measures of rotation of HB stars in globulars (Behr et al. 2000) provided clear indications that we are far from a complete understanding of the effects of rotation on HB stars. Hence, this possibility remains to be explored. We note that the R method calibration assumes that the canonical He-core mass is the same for all clusters, which may not necessarily be true; independent observational constraints on the M c value are difficult to obtain, as reviewed by Catelan, de Freitas Pacheco & Horvath (1996) .
Deep mixing phenomena can alter the He content of some RGB stars, as proposed and discussed by Sweigart (1997) . The "mixed stars" would place themselves on the ZAHB at higher T eff and higher luminosity with respect to "non-mixed stars." If, for instance, this were the origin of the bimodal HB of NGC 1851 (i.e. non-mixed stars populating the RHB and mixed stars populating the BHB, as indeed suggested by Sweigart 1997) then the adoption of its HB as the bridge between NGC 288 and NGC 362 would lead to an underestimate of the true age difference. While there is no clear evidence of a difference in the deep mixing extent between NGC 288 and NGC 362 (Shetrone & Keane 2000) , we are unaware of sufficiently detailed spectroscopic analyses of NGC 1851 bright giants that would conclusively rule out the possibility that its BHB stars are the progeny of He-mixed giants (but see Bono et al. 2001) . At the same time, whether He mixing takes place at all is currently a much-debated issue, and we refer the reader to the papers by Grundahl et al. (1999); Cavallo & Nagar (2000) ; Weiss, Denissenkov & Charbonnel (2000) ; Gratton et al. (2001) for some recent insight on this complex problem.
Finally, there is mounting evidence that many field blue subdwarf (sdB) stars are in fact binary systems (see Green, Liebert, & Saffer 2001; Saffer, Green & Bowers 2001; Maxted et al. 2001 , and references therein), supporting the possibility that some BHB stars may be the result of evolution of some kind of binary (see Bailyn 1995 , and reference therein). The consequences of this scenario have not yet been studied and may affect our conclusion in some unknown way.
One way to test the existence of luminosity differences between HBs of GCs having similar metallicity is through a traditional period-shift analysis of their fundamentalmode, RRab Lyrae variables. As pointed out by Catelan, Sweigart & Borissova (1998) , the pulsational properties of RR Lyrae variables can be useful indicators of a noncanonical origin for bimodal-HB and second-parameter clusters, given that these properties are sensitive to the basic physical parameters of the stars. In particular, differences in the HB luminosity should reflect themselves, at constant metallicity and temperature, in the form of noticeable "period shifts" (e.g., Sandage 1990) .
Indeed, using this method, evidence has been reported that the NGC 1851 HB might be somewhat brighter than the HBs of other clusters of similar [Fe/H] (Catelan, Sweigart & Borissova 1998) . However, Walker (1998) obtained new CCD data for the NGC 1851 RR Lyrae population and argued that the earlier evidence was a spurious consequence of the poor quality of the previously employed photographic data for this cluster's variables.
The period-blue amplitude (A B ) diagram appears to be particularly suitable to carry out period shift analyses, in view of the evidence (Catelan 1998; Sandquist 2000 ) that A B is, at least to first order, a reasonable temperature indicator for the fundamental-mode RR Lyrae. In Fig. 14, we present this diagram for the RRab variables in NGC 1851, NGC 288, and NGC 362. The data for these three clusters were retrieved from Walker (1998); Kaluzny, Krzemiński & Nalezyty (1997); Clement (1997) , respectively. Note that, in the case of Walker's data, we have discarded all stars which, according to his Fig. 3 , may show signs of the Blazhko effect and/or have ill-defined light curves. For NGC 288, where only V amplitudes are available, we obtained the B amplitudes assuming A B /A V ≃ 1.39 (Layden et al. 1999 ). In Fig. 14, we overplot, on the cluster data, the mean line obtained for the M3 (NGC 5272) RRab Lyrae variables by Borissova, Catelan & Valchev (2000) . Figure 14 suggests that the NGC 1851 variables do have, at a given temperature (amplitude), systematically longer periods than their counterparts in NGC 362. Note, in particular, that while only 20% of the NGC 1851 variables fall below the M3 line, as many as 57% of the NGC 362 RRab Lyrae are located below such a line. The mean period shift between the two clusters, according to these data, amounts to ∆ log P (A B ) ≈ 0.025-which, if interpreted in terms of a difference in HB luminosity between NGC 362 and NGC 1851, implies that the latter has a brighter HB by ≈ 0.075 mag. Though a variation in the RR Lyrae mass by ≈ 0.05 M ⊙ (with lower masses in the case of NGC 1851) could also account for such a period shift, it is unclear that any second parameter candidate could cause a change in mass at a fixed effective temperature without provoking a change in luminosity as well. Either option, or a combination of the two, presents problems for the use of NGC 1851 as the "bridge" for the bridge test. Moreover, one will readily notice from Fig. 14 that the single RRab in NGC 288 appears to be much brighter than any RRab stars in either NGC 1851 or NGC 362; therefore, in the event that the NGC 1851 RR Lyrae overluminosity is interpreted as evidence of evolution away from a blue ZAHB, one must also conclude that, remarkably, all NGC 1851 variables are less evolved than the single RRab that is found in NGC 288. This, in turn, creates another potential problem for the bridge test, in the sense that the assumption that the blue HBs of NGC 288 and NGC 1851 are entirely equivalent would break down. In fact, while some problems are encountered when attempting to model the redder BHB stars in NGC 288 (VandenBerg 2000; Paper II; Catelan et al., in preparation) , the same effect, while also present, appears to be less severe in the case of NGC 1851. More data would be vital to solve these problems and place the bridge test on a firmer footing; in particular, spectroscopic gravities for the blue HB stars in Borissova, Catelan & Valchev (2000) , is provided as a reference. Note that there may be a non-negligible period shift between NGC 1851 and NGC 362, and that the NGC 288 RRab variable is clearly much brighter than any of the variables in the other two clusters.
both NGC 288 and NGC 1851 and new RR Lyrae light curves for NGC 362 seem essential.
Of course, if significant differences in helium content, core rotation and/or any other "second parameter" that affects HB luminosity do exist and effectively change the HB luminosity of GCs with similar metallicity, our whole distance and age scales of GCs may be in error, since both are mostly based on the use of HB stars as standard candles (e.g., Pritzl et al. 2000) -the same fundamental assumption of the bridge test. Thus, while our present knowledge and data admittedly do not allow complete control of all the variables that may affect a differential age estimate, and while some problems still exist that require further analysis, the bridge test is, with the currently available data, the most robust approach to estimate the age difference between NGC 362 and NGC 288 within the canonical framework.
5. the origin of ngc 288 and ngc 362 If an age difference of at least 2 Gyr between NGC 288 and NGC 362 is confirmed, this will open a scenario for the formation of these clusters that deserves some comment. It is generally accepted that an α-enhanced abundance pattern is the signature of enrichment dominated by Type II supernovae and, consequently, of a short delay between the onset of star formation and the formation of the α-enhanced stars (< 1 Gyr; McWilliam 1997) . It is very interesting to note that though NGC 362 seems to have formed ∼ 2 Gyr later than NGC 288, both clusters are equally α-enhanced. This suggests that both NGC 362 and NGC 288 were born shortly after the (local) onset of star formation, in regions/subsystems that had different evolutionary histories. The existence of subunits with independent star formation and chemical enrichment histories in the early Galaxy is consistent with the scenario envisaged by Searle & Zinn (1978) as well as with modern Cold Dark Matter cosmological models.
summary and conclusions
We have performed an optimally suited specific test to estimate the age difference between the GCs NGC 288 and NGC 362. The bimodal HB of NGC 1851 is used as a bridge to match the different HBs of NGC 288 and NGC 362 to a common level, so (hopefully) eliminating the effects of distance and reddening and providing the possibility of a direct comparison of the most age sensitive features of the CMDs, i.e. the MSTO and SGB. We believe we have obtained a much more robust estimate of the age difference between NGC 288 and NGC 362 with respect to previous ones, for the following reasons:
1. We have adopted extremely homogeneous datasets, specifically tailored for the test; 2. A detailed and extensive abundance pattern comparison between NGC 288 and NGC 362 was available for the first time (Shetrone & Keane 2000) , showing that the similarity in chemical composition between the two clusters is not limited to the overall metallicity but includes also α-elements (as well as other chemical species);
3. The shifts adopted to match the HBs provide an excellent overall match also for the RGB and for the lower MS, while any other set of shifts we tried produced significant mismatches in these sequences (see Fig. 8 ; Fig. 10 and §4.2; see also V2000 and Grundahl (1999) ).
4. We demonstrated that the previous realizations of the bridge test were plagued by non-self-consistency of the photometry, due to the adoption of very heterogeneous datasets (see §4.5).
According to the bridge test we find that NGC 362 is younger than NGC 288 by 2.0±1.0 Gyr, in good agreement with the estimates we have also obtained from other differential age diagnostics ∆V HB TO and δ(V − I) @2.5 , the latter being completely independent of the bridge test procedure.
Our result is also in good agreement with the age scale recently obtained by Rosenberg et al. (1999) from a very homogeneous photometric database, and is compatible with the previous findings by Bolte (1989) ; Green & Norris (1990) ; Sarajedini & Demarque (1990) . The possible sources of systematic error that may still affect our results are associated with (a) the significant uncertainties in the R parameters, which leaves room for undetected differences in He content and (b) any unknown (or unidentified) process able to significantly (and differentially) change the luminosity of the HB of at least one of the considered clusters. We critically discuss some possible caveats associated with the method utilizing, in particular, a periodshift analysis for the RR Lyrae variables in the clusters; this indicates some puzzling discrepancies and the need of better, modern time-series data for NGC 362 (see §4.6).
In a companion paper (Paper II), the difference in HB morphology between NGC 288 and NGC 362 will be addressed in detail, in order to investigate anew whether our preferred age difference between NGC 288 and NGC 362 may completely account for the SPE in the considered case. Table 1 is presented in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content. Other ID: V2 and V3 are the RR Lyrae variables found by Kaluzny (1996) ; Guo 4110 is a non member star identified in the proper motions database by Guo (1995) ; EHB1 is the extreme HB star identified by Bellazzini & Messineo (1999) . Table 2 is presented in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content. Other ID: stars from V2 to V28 are the RR Lyrae variables in common with Walker (1998) ; UIT-31 and UIT-44 are UV sources identified by the UIT satellite. Note. -The first block of entries refers to BHBs, the second one to RHBs.
